Out of various no edible oil resources, jatropha curcas oil is considered as a promising alternate fuel for CI engines. The present study describes the process used for production of degummed jatropha oil (DGJO) and jatropha methyl ester (JBD) The important fuel properties of DGJO and JBD were determined and compared with fossil diesel and jatropha oil. The degumming and trans esterification process has reduced the viscosity by 19.8% and 74.8% respectively. The heating of degummed oil at 70 0 C reduce the viscosity by 6.8 times when compared with viscosity at 10 0 C. Further the degummed oil at 70 0 C becomes viscous at par with fossil diesel, hence could be used directly in IC engines.
INTRODUCTION
The increasing concern on environmental protection and the stringent exhaust gas regulation has made the attention on use of vegetable oil as alternate fuel for engines. The use of vegetable oil in compression ignition engine is as old as diesel engine itself. In Rudolph Diesel's preface to his 1912 patent he wrote that the "Use of vegetable oil for engine fuel may seem insignificant today but such oil may became in coarse of time ,as important as petroleum" (Vasudevan, 2005) . Vegetable oils have the greatest promise to be used as alternate fuels for diesel engines due to a very significant fact that they are renewable energy sources and could emit substantially less green house gases (Pugazhvadivu, 2005) . The cetane number and calorific values of vegetable oil are close to petro diesel hence could be directly used in compression ignition engines. The Vegetable oils develop the same power output with lower thermal efficiency when used in diesel engine (Srivastava & Prasad, 2000) . The problems observed with the use of vegetable oils as fuel in diesel engine are poor fuel atomization and low volatility due to their high viscosity, high molecular weight and density. The Jatropha oil being non edible and most promising source of oil for use as fuel in IC engines was selected for its characterization. In the present investigation, the Jatropha oil was processed i)to remove gums and phophatide present in the raw oil by hot water degumming method and ii) to convert the jatropha oil in to jatropha methyl ester(bio diesel) by trans esterification process using methanol and base catalyst. The raw Jatropha oil (JO), degummed Jatropha oil (DGJO) and Jatropha bio diesel (JBD) were characterized for fuel properties and thermal behaviour i.e. volatility at different temperature to assess the suitability of oil as fuel for CI engines.
Jatropha carcus
Jatropha carcus is a large shrub commonly found throught most of tropical and subtropical regions of the world. It is a draught resistant perennial plant living up to 50 years and has capability to grow on marginal soils. It requires very little irrigation and grows in all types of soil ( Banapurmath, 2008) . The Government, NGO and farmers have shown interest in cultivation of crops in waste land to cater the energy needs of the rural sector. The yield of plant could be 2-3 tonnes per hectare. The average oil content of dry seed was 34.4%. The energy content of karnel, shell and oil were 30.4MJ/kg, 19.4MJ/kg and 39.63MJ/kg respectively (Achten, 2008) . The plantation of Jatropha could provide solution to energy and employment in rural areas and finally improve the quality of rural life.
Processing of jatropha oil
The process used to make the JO suitable for use as engine fuel are i) Degumming process and ii) Trans esterification process.
Degumming process
The degumming of oil was done by adopting hot water treatment process. The filtered oil was heated up to 70 0 C in water bath. The hot water(3% of oil volume basis) was added in hot oil and stirred to get reacted with phosphetides. The reaction was carried out at 70 o C for 40 minutes duration. The reacted oil was cooled to ambient temperature and centrifuged at 5000rpm at 10 0 C for 30 minute duration to separate the gums and phosphetides from oil. The oil was further dried in oven to remove the traces of water at low temperature at 80 0 C. The dried degummed oil is used for its characterization.
Transesterification process
The JO was transesterified to produce jatropha methyl ester further referred JBD. The process flow chart used for transesterification process is shown in figure1. The material used in transesterification process were 1.2 percent Sodium hydroxide (NaOH) of JO and methanol was in 6:1 molar ratio with JO.
The Jatropha oil was heated up to 65 0 C. The solution of methanol with NaOH was prepared and added in hot oil (65 0 C). The mixture of oil and methanol was agitated with stirrer at 25rpm at 65+/ -1 0 C for one hour duration. The reacted oil was kept in settling tank for two hours to separate the glycerol from bio diesel. After two hours of settling time the glycerol was separated from bio diesel. The bio diesel was washed twice in equal amount of water and dried at low temperature. The bio diesel thus produced was used for characterization.
Oil characterization
The raw and processed (degummed and transesterified) Jatropha oil was used for their characterization. The sufficient quantity of degummed oil and biodiesel were prepared for the study. The fuel parameters characterized were mainly the viscosity, calorific value, flash point, density and thermal decomposition for analysis as fuel for compression engines. The viscosity of oil, which is considered one of the important parameter was determined at different temperature and compared with diesel collected from Indian oil corporation outlet. The equipments used for measurement of various parameters are given in Table- 1.
RESULTS AND DISCUSSION

Kinematic viscosity
The viscosity measured at 10-70 0 C for raw jatropha oil(JO), degummed Jatropha oil(DGJO) and jatropha bio diesel(JBD) are presented in 
Density and Specific Gravity
The density of diesel fuel, jatropha oil , degummed jatropha oil , and jatropha oil methyl ester were found to be 0.852 , 0.926 , 0.909 and 0.875 g/cc respectively at 20ºc temperature . The variation in densities at different temperature for JO , DGJO , JBD and HSD are shown in figure 4 The results indicated that temperature have significant effect on the density of the test fuels. The densities and specific gravities of the test fuels decreased with increase in temperature. This is in agreement with the finding of many researchers including Shyam et al.,(1987) , Ali etal (1995) , Gupta etal (1997) and Verma etal (1998) . The density of JO, DGJO and JBD were observed to be 8.7 ,6.6 and 2.7 percent higher than the diesel fuel. A similar trend was reported by many researchers including Goering etal (1982) , Gupta etal (1997) , Ali etal (1995) . The higher density and specific gravity of the vegetable oil than that of diesel may be attributed for the higher molecular weight of triglyceride molecules.
Gross heating value
The gross calorific value of high speed diesel Jatropha oil, degummed Jatropha oil and Methyl ester of Jatropha oil are presented in the table5. The calorific of JO, DGJO and JBD were 11.81%, 10.98% and 9.7% lower that of HSD respectively. Heating value of fuel determines the heat availability to produce the power. Therefore, higher gross heating values weighed in favour of the choice of an alternate fuel for engine because of lower specific fuel consumption. These results are in general agreement with Georing et al., (1982) , Altin etal (2001) and Ali & Hana (1995) .
Cloud point and pour point
The cloud point and pour point indicate the cold flow behaviour of a fuel which are poor for JO and DGJO when compared with diesel fuel. The cold point and pour point temperature was 
Flash Point
The flash point of High speed diesel, degummed jatropha oil & jatropha oil are presented in the table 2. The result of flash point of JO, DGJO and JBD was high 152 0 C, 140 0 C and 92 0 C as compared to diesel fuel. The result of flash point test was in agreement with the values reported by Georing et al.,(1982) and Gubitz et al., (1999) . The flash point is important from the point of view of safe handling and storage of the fuel. Thus, the handling and storage of JBD, DGJO and JO are relatively less hazardous as compared to diesel fuel.
Thermo gravimetric analysis of test fuel
The thermal analysis of high speed diesel, Jatropha biodiesel, degummed Jatropha oil and Jatropha oil was done in Nitrogen atmosphere with 10°C per minute temperature rise. The graphical presentation of percent weight loss with change in temperature (thermo gram) were presented in Fig  5a. The boiling temperature of test fuel and distillation properties were determined based on thermogram and reported in the table 3. The boiling temperature of JBD, DGJO and JO were 89°C, 218°C, and 219°C higher than the diesel fuel. The test results are in line with Goodrum (2002) , and Lang etal(2001) . The derivatives of test fuel are shown in figure 5b. The maximum rate of weight loss was observed at 8.0g/min at 250°C for HSD 13.0g/min at 310°C for JBD, 22.5 g/min at 410°C for DGJO and 23.5g/min at 415°C for JO were observed. 
CONCLUSION
1.
The reduction in viscosity by degumming and trans-esterification process of JO was 19.8 and 74.8 percent respectively. The heating of Jatropha oil from 10 0 C to 70 0 C has reduced the viscosity by 7.4times.
2.
The density of JO, DGJO and JBD were observed to be 8.7, 6.6 and 2.7 percent higher than the diesel fuel. The calorific of JO, DGJO and JBD were 11.8%, 11.0% and 9.7% lower lower than the calorific value of diesel fuel.
5.
The thermo gram has shown that the DGJO would have less carbon residue as compare to JO. The degummed oil has no significant effect on volatization properties as compare to JO, where as JBD has similar volatization characteristics of diesel fuel.
